Seabirds are considered reliable indicators of the marine environment due to their reliance on ocean-based resources and position at the top of the marine foodweb. The status of the world's bird populations have deteriorated over the past 20 years with seabirds declining faster than any other bird group. For some seabird species, a lack of data or synthesis of available data limits our ability to detect changes in population trends and gain insight into the condition of the surrounding marine environment. The Flesh-footed Shearwater (FFSH; Puffinus carneipes) exemplifies this with demographic and count data either absent or outdated for most breeding islands. Results of a survey of 20 FFSH breeding islands in South and Western Australia during 2011 -2014, and a synthesis of all available data indicate the current global population is substantially smaller than previously thought, comprising no more than 74 000 breeding pairs. While much of the reduction in numbers is due to outdated burrow counts which are shown to be a poor measure of population size in this species, there is evidence of a decline in numbers on at least six islands that account for 40% of the world's population. A review of novel and existing data on FFSH breeding habits (burrow occupancy and density), concurrent threats, and population size in South and Western Australia are presented here along with priorities for management of this declining marine predator.
Introduction
Seabirds are widely regarded as reliable indicators of the condition of the marine environment due to their sensitivity to, and reliance on, marine resources and position at the top of the marine foodweb (Furness and Camphuysen, 1997) . According to the Birdlife International Red List assessment, the status of the world's birds has deteriorated over the past 20 years (BirdLife International, 2013) . While these changes were recorded in all major ecosystems, seabirds were substantially more threatened than other groups and declining the fastest (Butchart et al., 2004) . Seabird declines often closely track worsening marine conditions Becker and Beissinger, 2006) , highlighting their ability to identify problems in ocean-based resources.
Australia ranks fourth in the world for seabird diversity, endemism, and threat level (Croxall et al., 2012) . Despite this, ,6% of seabird breeding islands are monitored as part of the Birds Australia Atlas, with a mere 1.8% of these islands benefitting from repeated surveys (Kirkwood and O'Connor, 2010) . Consequently, basic demographic and abundance data are lacking for many of what should be Australia's most valuable marine indicators, the seabirds (Baker et al., 2002; Stephenson et al., 2006) .
One such example is the Flesh-footed Shearwater (FFSH; Puffinus carneipes). Basic demographic data (e.g. survival) and population trends are almost entirely lacking for this species. Breeding data are also limited, with only a few studies reporting burrow occupancy, productivity, or phenology (McClellan, 1995; Johnstone and Storr, 1998; Powell et al., 2007; Reid et al., 2013a) . Data are particularly sparse in South Australia (Robinson and Parker, 1984) and Western Australia, where the majority of the world's population breeds on 42 offshore islands (Table 1;  Supplementary Table S1 ; Johnstone and Storr, 1998) .
Previous FFSH population estimates are variable, incomplete, and many are now considered erroneous. Estimates currently range from 220 000 to 400 000 breeding pairs globally (Marchant and Higgins, 1990; Johnstone and Storr, 1998; Taylor, 2000; Baker et al., 2002; Brooke, 2004) . The discrepancy is primarily due to incomplete field surveys or literature reviews conducted during 1950-1980 that did not account for burrow occupancy rates or distinguish between sympatrically breeding species (see below; Baker et al., 2010; Waugh et al., 2013) . Once thought to be abundant and widely distributed, there is now growing concern that many FFSH populations have been declining, unobserved, for many years (Priddel et al., 2006; Cooper and Baker, 2008; Waugh et al., 2013; Reid et al., 2013a) . Consequently, the Australian population was recently uplisted from Least Concern to Near Threatened (Garnett et al., 2011) . In New Zealand, the species was recently uplisted from "Gradual Decline" to "Nationally Vulnerable" (Robertson et al., 2013) . FFSHs have also been recommended for Table 1 . Estimates of FFSH population size on islands surveyed in South Australia and Western Australia during this study (2011 -2014 For some islands, the species is noted as being present, but population size is not known (reported as N/A). Counts of burrows from historical surveys were multiplied by the occupancy rate for Western Australia to provide an estimate of breeding pairs (mean + SD; see text).
listing under the Agreement on the Conservation of Albatrosses and Petrels (Cooper and Baker, 2008) . To better understand the status of FFSH populations and highlight what the species can tell us about the health of the marine environment, published and unpublished data on FFSH populations are reviewed with the aim to (i) present new data resulting from recent, wide-scale surveys undertaken on 20 breeding islands in South and Western Australia during 2011-2014, (ii) identify known and potential sources of mortality, and (iii) provide a much-needed estimate of global FFSH breeding populations based on historic and contemporary counts from a subset of islands.
Material and methods

Study area
Given the unknown precision of historic population estimates, a survey of 20 of the 41 breeding islands ( 35% of the global population) was undertaken in South and Western Australia (Figure 1 ) between 2011 and 2014 to provide the first data on FFSH populations in this region since the late 1970s (except Woody Island; see below). Additional unpublished data and information on methodology was sought from various authors.
Population census and statistical analysis
Population size was estimated by examination of burrow contents along transects (20 × 2 m) with a Signet wireless inspection camera during November-December 2011, January and April 2012, and December 2013 to February 2014. Where possible, surveys encompassed all vegetated areas of the islands; however, logistical constraints and access (e.g. fragile soil) limited the area covered by some surveys. If the whole island could not be surveyed, effort was focused on sections of the islands where FFSH were previously reported breeding.
Estimates of island size in the literature from the 1970s and 1980s did not account for vegetated and unvegetated (e.g. rocky) area; therefore, island area was re-examined using ArcMAP (version 10). Burrow density (number of burrows m 22 ) was estimated for all vegetated areas where large, shearwater-sized burrows (entrance .10 cm) were observed. Burrows ,40 cm in length that lacked a nesting chamber were excluded from the analysis. The mean and 95% confidence interval for shearwater burrow density was estimated using the boostrap method written in R (version 2.14.2) where 100 000 randomized distributions were generated by resampling with replacement (Manly, 2007) . Burrow occupancy (presence of egg, chick, or adult) values were bootstrapped in a similar manner using weighted sampling based on observed probabilities. To account for detection error associated with the burrow inspection techniques (McKechnie et al., 2007) , correction factors developed for FFSH in New Zealand were applied to burrow occupancy rates estimated during this study (reported as original and corrected value).
The total number of burrows was estimated by multiplying the mean burrow density (calculated from the transect data) by the area of island habitat deemed suitable for shearwater breeding. This number was then multiplied by the mean occupancy rate to give an estimate of breeding population size.
A number of more general and case-specific issues with the historical datasets are identified and detailed below. Where possible, an J. L. Lavers attempt is made to address these issues to allow for historical (Table 1; Supplementary Table S1 ) and contemporary estimates of population size (Tables 1 and 2 ) to be compared to provide at least some insight into large-scale changes over time. For example, some authors report burrow counts while others estimate the number of breeding pairs. To standardize the unit of measurement of FFSH population size in Western Australia, the number of burrows reported for a given island was multiplied by the mean occupancy rate for adjacent islands collected within the same period (1976) (1977) (1978) (1979) (1980) (1981) (1982) (1983) (1984) (1985) (1986) .
Review of known and novel threats
A review of all available published and unpublished data was undertaken to assess the scale and severity of previously identified threats to FFSH populations. Because the surveys of most of the islands visited during this study were the first in over 30 years, data and observations concerning these and other novel threats to breeding populations were also recorded.
Results
Assumptions and limitations
Data on the frequency of breeding are not available for FFSH, so the species was assumed to breed yearly, as has been reported in many (Warham, 1982) , but not all shearwater species (Dunlop et al., 2002; Sanz-Aguilar et al., 2010) . Estimates of population size, therefore, do not account for birds that may have skipped breeding. Population estimates for South Australian islands (surveyed in November) may be biased low as egg laying may not have been complete (Warham, 1958; Powell et al., 2007) .
South Australia
Smith Island (35800 ′ S, 136801 ′ E) Robinson and Parker (1984) first noted 150 FFSH pairs breeding at Smith Island in November 1982, alongside 1000 Short-tailed Shearwaters (Copley, 1996) . A follow-up survey of Smith Island (40 transects covering the entire surface of the island) on 19 -20 November 2011 provided a more accurate assessment of population size: 52 burrows were counted. Shearwater burrow density ranged from 0.000 to 0.125 burrows m 22 (mean: 0.033 + 0.034). The original island area estimated by Robinson and Parker (1984; 3. 6 ha) appears incorrect. Using satellite images, the area suitable for burrowing is estimated to be 13.4 ha (excluding the rocky perimeter), giving an estimate of 4362 + 712 shearwater burrows.
Burrow occupancy could not be determined due to equipment malfunction, so the mean occupancy rate recorded on Sandy and Shelter Islands in Western Australia in December 2011 (corrected: 0.370 + 0.212; see below) was used, as these data were collected in the same year. Using these values, the FFSH breeding population on Smith Island in 2011 is estimated to be 1613 + 924 pairs (Table 1) . While no Short-tailed Shearwaters were seen or heard in November 2011, this does not exclude the possibility some burrows may belong to this species.
Lewis Island (34857
Shearwater surveys have not previously been conducted at Lewis Island, but recent observations of FFSHs flying around the island at night suggested that they were likely to be breeding at the island (S. Goldsworthy, pers. comm.). Burrow surveys of the entire island (45 transects) were undertaken at Lewis Island on 20 -21 November 2011. Sixteen burrows were counted (mean density 0.009 + 0.021, range 0.000 -0.100 burrows m
22
) with 6.4 ha suitable for burrowing (excluding the rocky perimeter). Using the mean burrow occupancy rate as described for Smith Island above gives a population estimate of 211 + 121 FFSH breeding pairs at Lewis Island in 2011 (Table 1) .
Baker (2004) There is some evidence that FFSH bred at one or more of the islands in the Sir Joseph Banks Group in the 1930s, but the birds are thought to have disappeared or been greatly reduced in number since that time (Baker, 2004) . Large burrows thought to belong to FFSH were reported on Perforated Island (Whidby Group; Coffin Bay National Park) in May 1980; however, a follow-up survey in January 1982 found only Short-tailed Shearwaters (Robinson et al., 1996) .
Western Australia
Low counts on at least four islands (Smith and Kolichis, 1981; Lane, 1984b Lane, , 1985 were hugely misreported in subsequent reviews due to editorial errors (e.g. .1000 pairs reported as 71 000 pairs; Johnstone and Storr, 1998) . The naming of some islands, particularly Stanley Island in the southwest and Wickham (formerly Stanley) Island (Figure 1 ) in the southeast, has also caused confusion. FFSHs formerly bred in the Torbay region on mainland Western Australia where nesting was last recorded in 1937 (Warham, 1958) . Three populations have gone extinct: Mistaken Island (between 1906 and 1921; see below), Green Island (around the 1830s; Abbott, 1978b; Johnstone and Storr, 1998) , and Goose Island (see below). Key findings for a subset of islands surveyed during 2011-2014 are detailed below and summarized in Tables 1 and 2 . (Table 1) .
In New Zealand, FFSH have abandoned breeding on at least four islands and declined on at least two others (Waugh et al., 2013) , with many burrows at existing islands occupied by Grey-faced Petrels (Pterodroma m. gouldi), a species that has been reported to outcompete adult FFSH and kill their chicks (Marchant and Higgins, 1990; Taylor, 2000; Rayner et al., 2011; Waugh and Taylor, 2012) . This was also observed on Breaksea Island in April 2012 (J.L.L. pers. obs.).
No more than 100 FFSH burrows were present at Coffin Island (14.38 ha) in 1979, located primarily within a 1.35 ha area along the south coast of the island (Smith and Kolichis, 1980) . A survey of Coffin Island on 23 January 2012 noted large burrows along the perimeter of the island, particularly in the south. A small cluster of 40 burrows at the southeast end of the island appeared active. Upon inspection, three (observed: 0.214, corrected 0.262 + 0.036) of 14 burrows were occupied by adult FFSH. Transects could not be run in the interior of the island due to thick scrub, so total population size cannot be estimated. However, the island population is thought not to exceed 200 pairs (Table 1) .
Cull Island (Recherché Archipelago; 33855
Unclear whether FFSH bred at Cull Island before the introduction of goats (Capra hircus) in 1935 (Lane, 1982a) , but the species was not recorded in November 1981 (Lane, 1982a) or January 2012.
Eclipse Island (62.7 ha) may be an important FFSH breeding site, but there is uncertainty surrounding the only estimate (6000 pairs in 1978) as the survey was conducted during the non-breeding season and many of the burrows likely belonged to thousands of Great-winged Petrels which breed on the island during the Austral winter (Fullagar, 1978 Around 250 FFSH pairs have been reported breeding at Goose Island (27.4 ha) (Serventy, 1948; Fairbridge and Serventy, 1954; Storr, 1991) . On 27 January 2012, no FFSH or evidence of their activity could be located anywhere on the island, suggesting that the birds have abandoned breeding since the last survey in January 1985 (Storr, 1991) . Many burrows were occupied by rabbits that were introduced before 1889 (Serventy, 1953) and whose droppings now blanket the surface of the island.
Gulch Island (Recherché Archipelago; 34801 ′ S, 123815 ′ E) Serventy and Whittell (1967) report an unknown number of FFSH breeding at Gulch Island (30.1 ha), but the original source of these data cannot be traced. Only Short-tailed Shearwaters (2000 pairs) were recorded in March 1984 (Johnstone and Smith, 1990b ) and on 25 February 2014.
Gunton Island (Recherché Archipelago; 33859 ′ S, 121859 ′ E)
A small number of FFSH burrows were recorded at Gunton Island (75 ha) in the 1960s (Serventy and Whittell, 1967; Serventy et al., 1971) . A survey of the entire island on 26 January 2012 yielded 70 burrows with an occupancy rate of 11.8% (corrected: 0.144), giving a population estimate of 11 + 6 breeding pairs (Table 1) .
Long Island (Recherché Archipelago; 34802 ′ S, 123814 ′ E) Fairbridge and Serventy (1954) reported Long Island (64.0 ha) to be covered with sandy soil and riddled with burrows, suggesting it was "a huge and noisy rookery" and possibly "the largest colony in the Archipelago" (Serventy, 1952a) . However, results of a survey of the southern half of the island by Lane (1982d) Lane, 1977; Abbott, 1978c; Young, 1981) . The rabbits were successfully eradicated in 1980 (Young, 1981) , but an island-wide survey on 5 January 2014 provided no evidence of breeding by shearwaters or petrels.
Owen Island (Recherché Archipelago; 34802
An unknown number of FFSH were reported to be breeding at Owen Island (4.9 ha; Serventy et al., 1971 The first record for Saddle Island (26 ha) comes from Clark (1841) who reported the island was "covered by sooty petrel burrows" that were captured at night and eaten. A brief survey in 1990 reported 2000 pairs of FFSH (Storr, 1991) . A partial survey of the northcentral part of the island (encompassing 1 ha on either side of the saddle; Figure 2 ) on 9 January 2014 suggests Storr's (1991) estimate is too low as extensive areas of burrows were located in sandy soil. Twenty-six burrows were counted during two transects (0.325 + 0.106 burrows m
22
). A further 49 burrows were inspected along the periphery of the colony where stable soils permitted, 13 (observed: 0.265, corrected: 0.324) contained FFSH. The area suitable for burrowing is estimated to be 7.3 ha, giving an estimate of 7695 + 2054 FFSH breeding pairs making this the largest breeding colony in Western Australia (Table 1) .
A survey in 1976 reported an estimated 300 000 breeding pairs based on the inspection of 63 burrows thought to be occupied by FFSH due to the presence of footprints (Abbott, 1981a) . Recent discussions indicate editorial errors occurred, with an estimated 266,000 individual birds (133 000 burrows) rounded up to 300 000 and misquoted as breeding pairs (I. Abbott, pers. comm.).
The following changes were made to provide a more accurate estimate of FFSH population size at Sandy Island than that obtained in 1976. The original island area used by Abbott (1981a; 25 ha) includes a large sandy peninsula and rocky perimeter (Figure 2 ). Island size was rescaled to 6.28 ha (the area suitable for burrowing). Using this value, the number of burrows on Sandy Island in 1976 is estimated to be 33 410. Burrow occupancy was not recorded on Sandy Island in 1976, but the contents of 300 burrows were checked during a brief visit on 7 October 1981 with two adult birds recorded in each of 10 burrows (occupancy 0.033; Lane, 1982e) . Using this value gives 1102 pairs; however, this is considered an underestimate as most birds would not yet have returned from the pre-laying exodus. Using burrow occupancy data collected on 9 November 1982 on nearby Flat Island (0.15; Lane, 1985) gives 5011 pairs (Table 1) .
Results The FFSH population at Shelter Island (2.74 ha) was estimated at 3000 burrows in 1988 (R. Johnstone, unpublished data). Except for the steep slope along the northeast side, it was possible to count nearly all the remaining burrows in discrete colonies separated by large boulders in December 2011. A total of 502 burrows were counted with a further 300 burrows estimated for the slope. The contents of 40 burrows were examined with a scope of which 18.0% were occupied. A survey of 164 marked burrows in the southeast corner of the island from 31 December 2013 to 17 January 2014 yield a burrow occupancy of 0.477 (mean corrected both years: 0.230 + 0.180). Together, these values give an estimate of 184 + 144 breeding pairs (Table 1) .
Wickham Island (Recherché Archipelago; 34801 ′ S, 123817 ′ E)
Up to 10 000 FFSH pairs were previously reported to breed at Wickham Island (Serventy and Whittell, 1967 (Lane, 1982b; Johnstone and Smith, 1990a) .
Woody Island (Recherché Archipelago; 33857 ′ S, 122801 ′ E)
Woody Island (150.7 ha) has been the focus of historical surveys (Abbott, 1981b; Fairbridge and Serventy, 1954) and research into FFSH breeding ecology (Powell et al., 2007 (Powell et al., , 2008 . No burrows were recorded on 30 November 1950, attributed to frequent man-made fires that decimated the native vegetation (Fairbridge and Serventy, 1954) . In the 1980s, 80 pairs were reported breeding in two bays in the southwest ( 0.27 ha) and in the southeast at Twiggy Bay ( 0.26 ha; Abbott, 1981b; Lane, 1984a) . Additional surveys undertaken in 2000-2003 found a total of 424 burrows along the southern coast of the island (Powell et al., 2007) . Twenty-three burrows were inspected in Twiggy Bay on 25 January 2012, five were occupied by an adult or chick (observed: 0.238, corrected: 0.291). Using Powell et al.'s (2007) estimate of 424 burrows and the 2012 occupancy rate gives a total population of 101 + 41 breeding pairs (Table 1) . 
Threats to FFSHs in South and Western Australia
Fisheries
FFSHs routinely attend fishing vessels to feed on baited hooks, discards, and prey attracted to the surface by vessels (Falla, 1930; Wood, 1990; Wahl et al., 2005; Baker et al., 2010) . This behaviour exposes individuals to risk of incidental mortality through interactions with fishing gear (Bartle, 1974; Freeman, 1992) . The birds can be killed or injured when they ingest or become entangled in hooks during the setting or hauling of longlines. The death of a breeding adult by any of these causes subsequently results in nest failure as both members of the pair are needed for incubating the egg and provisioning of the chick. Significant levels of FFSH bycatch have been reported in Australian (up to 6800 per year; Gales et al., 1998; Baker and Wise, 2005; Trebilco et al., 2010; Reid et al., 2012) and international fisheries (Robards, 1993; Tuck et al., 2003; Ogi, 2008; Tuck and Wilcox, 2008; Artukhin et al., 2010; Reid et al., 2013b) for many years. While large reductions in FFSH bycatch in the Australian Eastern Tuna and Billfish Fishery have recently been welcomed, the change is largely due to vessels shifting north, not due to altered fishing practices; therefore, bycatch is likely to return to high levels if the fishery moves back south (Reid et al., 2012 ). An assessment of population viability for Lord Howe Island's FFSH in 2007 indicated the current (improved) domestic bycatch rates were sustainable and the population should stabilize or increase (Tuck and Wilcox, 2008) . This prediction has not eventuated; suggesting bycatch in other fisheries or non-fisheries related mortality (e.g. plastic ingestion) is now driving population trends.
Recent data for pelagic longline fisheries managed by the Western and Central Pacific Fisheries Commission ranked FFSH bycatch risk at 29 of 70 seabird species assessed . However, this ranking is biased low as the authors used an inflated global population of 18 million individuals, likely confused with Short-tailed Shearwaters. In New Zealand, FFSH bycatch in bottom longline and trawl fisheries within the Hauraki Gulf is considered to be far more than what the populations can sustain (Richard et al., 2011) with up to 15 birds taken in a single trip (Gaskin and Rayner, 2013) . Overall, FFSH are classified as being at "very high risk" from bycatch in New Zealand commercial fisheries (Sharp et al., 2013) .
New data on FFSH bycatch in the West and South Coast Purse Seine Managed Fisheries in King George Sound off Albany, Western Australia (six vessels operated in 2012) suggest up to six adult birds are killed per boat per day with .880 birds entangled in one season (Figure 2; DEF, 2005; Dunlop, 2011) . Eight adult birds banded in Western Australia (primarily on Breaksea Island) were taken as bycatch in King George Sound during 1991 -2013 (ABBBS, 2013 . Three of these birds were banded on Wickham Island (500 km east) in November 1982 suggesting birds from across Western Australia are taken in this, and likely other, fisheries (Lavers et al., 2013) . Despite efforts to reduce bycatch (e.g. (Baker and Wise, 2005; Trebilco et al., 2010) . Small numbers of shearwaters have also been reported as bycatch by South Australian purse-seine vessels (Knight and Vainickis, 2011) .
Entanglement of shearwaters in the lines of recreational and commercial fishers also occurs in coastal towns across Western Australia and New Zealand, and likely elsewhere. Many are unhooked and released alive, but others are intentionally killed (M. Stadler, pers. comm. and J.L.L., pers. obs.; Abraham et al., 2010; Tennyson et al., 2012) . Of 27 adult birds tagged on Lord Howe Island in late-October 2013, at least one had been hooked by recreational fishers as of March 2014.
Fishing activities can also influence seabird populations indirectly through altering the availability, quantity, or quality of their food supplies (Furness, 2003) . Competition with commercial fisheries has been implicated in the collapse of many seabird populations around the globe (Fefer et al., 1984; Green et al., 1998) , including the FFSH .
Introduced species
The habit of nesting in burrows on the ground exposes the FFSH to contact with introduced species. Predation by European red foxes (Vulpes vulpes) is implicated in the disappearance of a FFSH breeding population on mainland Western Australia in the late 1930s (Warham, 1958; Serventy et al., 1971) . On Île Saint-Paul, black rats and rabbits were eradicated after they decimated FFSH and other seabird populations (Micol and Jouventin, 2002; Thiebot et al., 2010) . European rabbits likely limit FFSH populations on Breaksea, Mistaken, Goose, and Charley Islands (see above). Black rats have invaded Lord Howe Island and Mistaken Island, but the degree to which they predate or disturb FFSH is unknown (Young, 1981; Priddel et al., 2006) . In New Zealand, the largest FFSH colonies occur on islands free of rats (Taylor, 2000; Gaskin and Rayner, 2013) .
Plastic ingestion
The "entanglement in or ingestion of anthropogenic debris in marine and estuarine environments" is listed as a key threatening process under the New South Wales Threatened Species Conservation Act 1995 (DEWHA, 2009). While FFSH are not identified in this legislation, the species is undoubtedly the most affected Australian seabird with 90% of chicks sampled at Lord Howe Island in 2011 containing considerable quantities of plastic . The ingestion of plastic has been shown to significantly reduce FFSH fledgling body mass and wing length, which is thought to lower juvenile survival by at least 11% . The ingestion of plastic has been implicated in the decline of the Lord Howe Island population (Priddel et al., 2006; Hutton et al., 2008; Lavers et al., 2014) . Significant quantities of plastic found on the surface of FFSH colonies on Ohinau Island suggesting this is also an issue in New Zealand (Buxton et al., 2013) .
Contamination
Mean concentration of mercury in adult FFSH feathers (6.04 + 4.00 ppm) from across their breeding range (Bond and Lavers, 2011 ) exceed the hypothesized toxic effect level for mercury (5 ppm; Burger, 1993) and are among the highest values recorded for any seabird.
Climate change and extreme weather events
During 1936-2011, FFSH from South and Western Australia more than doubled their trophic niche and dropped an entire trophic level, the largest change in d 15 N reported in any marine bird . These changes were attributed to the altered pattern and frequency of the El Niño-Southern Oscillation and likely reflect significant shifts in the size, abundance, or location of the shearwaters preferred prey. FFSH breed in a narrow latitudinal band in Australia (34 -358N, except Lord Howe Island at 318N) and exhibit strong site fidelity; therefore, a shift in the distribution of their prey could also negatively affect breeding success (DECC, 2008; Chambers et al., 2011) .
Current climate forecasts predict the warming trend to continue, leading to increased "tropicalization" of southwest Western Australia, a region already identified as one of three hotspots where rising temperature trends exceed the Indian Ocean basin average (Feng et al., 2009) . This "tropicalization" may lead to increased competition between FFSH and more tropical sympatric species like the Wedge-tailed Shearwater P. pacificus which is expanding its range in Western Australia Bancroft et al., 2004) .
Flooding of burrows during storms, and the consequent loss of eggs and chicks, has also been identified as an increasing source of climate-related mortality for Australian seabirds (Serventy and Curry, 1984; Chambers et al., 2011; Tiller et al., 2013) , including FFSH (Serventy et al., 1971; Smith and Kolichis, 1981) . Thousands of FFSH eggs were lost when burrows were flooded following three major storms in southwestern Western Australia Flesh-footed Shearwaters in South -Western Australia on 29 November and again on 1 and 6 December 2012. More than 54 mm of rain fell during that week, with November 2012 being the third wettest month recorded since 1900 (BOM, 2012) . FFSHs breeding on many low-lying islands in Western Australia (e.g. Sandy and Coffin Island; ,3 m elevation) are likely at risk from storm surge, coastal erosion, and other serious impacts such as El Niño events that are predicted to double in frequency and severity owing to climate change (Cai et al., 2014) .
Discussion
The Western Australian population of FFSH is currently estimated at 18 300 -35 900 pairs (Tables 1 and 2; Supplementary Table S1) , substantially lower than the 350 000 pairs previously reported (Johnstone and Storr, 1998) . While confidence limits surrounding estimates of population size are wide due to the time-lag between surveys and inaccurate methods used in previous years, the results mirror observed and suspected declines across the remainder of the species' breeding range (Waugh et al., 2013; Reid et al., 2013a) , the implications of which are worrying given what seabirds can tell us about the health of the marine environment (Furness and Camphuysen, 1997) .
The data presented here suggest the number and severity of many threats has increased in the past 30 years and the long-held perception that the species is abundant and can buffer these threats is incorrect. Like most seabirds, FFSH face pressures from a wide range of natural and anthropogenic threats. The rapid increase in the proportion of shearwaters ingesting plastic, high levels of trace metal contamination, and evidence of trophic declines linked to ocean warming and prey depletion suggest the marine environment surrounding many breeding colonies has deteriorated in recent decades Lavers, 2011, 2014; Lavers et al., 2014) .
Information provided by the 2011-2014 surveys and review of known threats is both troubling, and complicated by a number of factors such as erroneous historical estimates. Estimating FFSH burrow occupancy is also made difficult by the length of their burrows (up to 3 m) and habit of blocking the entrance with herbage, making quick assessments of occupancy (e.g. based on the presence of footprints) nearly impossible (J.L.L., pers. obs.; Serventy et al., 1971) . Despite these challenges, intensive burrow surveys on a subset of islands have yielded valuable data. In Western Australia, burrow occupancy is low compared with Lord Howe Island (58 -67%; Dyer, 2001; Reid et al., 2013a) and New Zealand (44%; Baker et al., 2010) , but has changed little over 30 years: 0.263 + 0.182 during 1978-1986 (nine islands; see above) compared with 0.288 + 0.146 during 2011-2014 (nine islands; p . 0.05). This result highlights the need to (i) scale back historical estimates of breeding numbers based solely on burrow counts by 75% and (ii) gain a detailed understanding of natural variation in the species ecology (e.g. low burrow occupancy is normal for FFSH in Western Australia), a crucial feature for an effective indicator species.
Future recommendations
Future efforts should focus on many of the research priorities identified for seabirds, globally, including improving our understanding of population dynamics and ability to manage anthropogenic impacts (Baker et al., 2002; Cooper and Baker, 2008; Lewison et al., 2012) . Accurate estimates of population size and demographic parameters are critical to diagnosing environmental causes of population decline and provide a framework for predicting responses to management (Croxall and Rothery, 1991; Green, 1995) . These data are lacking for most FFSH breeding islands, including many thought to support large populations (e.g. Eclipse and Mondrain Islands have not been surveyed in .30 years; Figure 1 ).
While factors driving the ongoing decline of FFSH at Lord Howe Island (e.g. plastic ingestion, bycatch, and to a lesser extent, development; 21.3% per annum since 1978; Reid et al., 2013a; Lavers et al., 2014) are fairly well understood, this is not the case for the remaining breeding islands (Waugh et al., 2013) . Seabirds, and other long-lived species with low fecundity, have a limited capacity to recover from perturbations (Musick, 1999) ; therefore, early detection and mitigation of threats is key to effective management. For FFSH, protection of important breeding colonies (e.g. World Heritage listed Lord Howe Island is the world's single largest colony with 16 000 breeding pairs; Reid et al., 2013a) , significant reductions in bycatch in the Australian domestic fishery (Reid et al., 2012) , and concurrent removal of rats and cessation of harvesting from Titi Island in New Zealand (Gaze, 2000) have all proven insufficient to reverse population declines (Waugh et al., 2013; Reid et al., 2013a) . Clearly, a more precautionary and proactive, rather than reactive, approach is required for this species along with improved recognition of emerging threats.
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